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(54) METHOD OF FORMING FILM FOR RARE EARTH MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of forming a corrosion resistant film for 
a rare earth magnet which has sufficient adhesion to be required at a low cost by a simple 
process. 

SOLUTION: The formation of a film on a rare earth magnet is performed by colliding 
particles with a fine diameter against the surface of a rare earth magnet at high speed, 
fusing the particles themselves by energy between the rare earth magnet and the particles 
on the collision, and allowing the particles to spread over the surface of the rare earth 
magnet. The diameter of the particles lies in the range of 0.02 to 0.6 mm, and the particles 
are sprayed at a speed of 50 to 2,000 m/s using the air, or a high pressure inert gas or a 
mixture of the air and high pressure inert gas. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

A film formation method of a rare earth permanent magnet are a film formation method of a 
rare earth permanent magnet, particles of a minute diameter are made to collide on the 
surface of a rare earth permanent magnet at high speed, and the particle itself dissolves by 
energy at the time of a collision of said rare earth permanent magnet and particles, 
adhering to the surface of said rare earth permanent magnet, and forming a coat. 
[Claim 2] 

A film formation method of the rare earth permanent magnet according to claim 1 whose 
diameter of said particle is a range from 0.02 mm to 0.6 mm. 
[Claim 3] 

A film formation method of the rare earth permanent magnet according to claim 1 or 2 
which sprays said particle using a mixture of air, high pressure inert gas, or air and high 
pressure inert gas. 
[Claim 4] 

A film formation method of the rare earth permanent magnet according to claim 3 whose 
speed in case said particle is sprayed is the range of 50 - 2000 m/s. 
[Claim 5] 

Make the 1st particle that has a predetermined presentation collide on the surface of a rare 
earth permanent magnet, and defecation and a ground film on the surface of a rare earth 
permanent magnet are formed in the rare earth permanent magnet surface, A film 
formation method of the rare earth permanent magnet according to any one of claims 1 to 4 
which forms a multilayer film which made the 2nd particle that has a different presentation 
from the 1st particle of an account of back to front collide on the surface of a rare earth 
permanent magnet, and was laminated by two or more presentations. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the film formation method of a rare earth permanent magnet, and 
relates to what obtains a cheap and corrosion-resistant good rare earth permanent magnet 
compared with the former. 
[0002] 

[Description of the Prior Art] 

About the film formation method, the film formation method by plating and the following 
resin of nickel etc. has been used conventionally. 1 Electrodeposition coating method : by 
immersing parts in the fluid in which resin powder with an electric charge was suspended, 
and impressing voltage to parts by an external power, It is drawn on parts by resin powder 
with an electric charge, parts are covered by resin powder, the parts covered by resin 
powder are heated after that, and they are melting or/and a thing which constructs a bridge 
and forms a coat on the surface of parts about resin powder. 2Electrostatic coating method: 
By putting the parts to which voltage was impressed on the space which dispersed resin 
powder with an electric charge, draw resin powder on parts and form a resin powder coat in 
parts. 

Then, the parts in which the resin powder coat was formed are heated, and they are 
melting or/and a thing which constructs a bridge and forms a coat on the surface of parts 
about resin powder. 

3Spray coating method: Dilute resin with a solvent, evaporate a solvent after forming a coat 
by spraying this on parts by a spray, and they are melting or/and a thing which constructs a 
bridge and forms a coat in parts about resin. 4The dip-coating method: In the case of resin 
liquid with low viscosity, or resin with high viscosity, parts are immersed in the tub of the 
resin liquid which diluted with the solvent and lowered viscosity, make resin adhere on the 
surface of parts, and they are melting or/and a thing which constructs a bridge and forms a 
coat about after that and resin. 
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[0003] 

However, the conventional film formation method which was mentioned above has a 
technical problem which is indicated below. Since it needs to be worked for attaching parts 
to an electrode in an electrodeposition coating method first and a film is not formed in the 
portion which attached the electrode, the work called the touch-up for dishing up resin to 
the portion is needed after coat formation. These work needs introduction of the robot etc. 
which carry out a help or a complicated motion, therefore will cause increase of the 
expense for coat formation. There is a problem of having to process used electrodeposition 
fluid as industrial waste. Since there is a problem which attaches [ in / as well as said 
electrodeposition coating method / an electrostatic coating method ] parts and a granular 
material disperses, there is danger, such as dust explosion, and the large-scale device for 
dust preventing scattering or the prevention from explosion is needed. Since the thickness 
of a coat is greatly dependent on operation of a spray gun in a spray coating method, 
thickness becomes uneven easily. After carrying out a spray to one field of parts, in order to 
carry out a spray to other fields, operation of turning parts is required. Antipollution measure 
processing is needed at the process which must dilute resin with a lot of solvents in order to 
spray-ize, and evaporates this solvent after spreading, moreover — taking out parts from an 
immersion organ bath in the dip coating method - the liquid in the case — they are whom 
and liquid — it is generated by the ball unescapable, and liquid does not adhere conversely, 
or it can be tended to perform an extremely thin place, and is unreliable compared with 
other methods as a film formation method. 
[0004] 

The method of applying to the Shimoji surface is indicated using mixing methods, such as a 
barrel, in the material into which the problem which these conventional film formation 
methods have is coped with and for which the binding material of a coat morphogenetic 
substance and a ground was mixed as law on the other hand as indicated by JP,6- 
154698,A, for example. However, in this method, in order for this mixture not to adhere to 
the Shimoji surface in uniform thickness and to combine a coat and a ground, if a ground is 
heated, only a binding material will dissolve or evaporate, but it fully dissolves, and a coat 
morphogenetic substance does not serve as a uniform coat, but serves as a coat only with 
the structure in which particles carried out lamination condensation. As a result, since a 
grain boundary exists in a coat, the coat formed by this method cannot fully intercept the 
moisture from the outside, etc., and cannot secure magnetic corrosion resistance, a magnet 
is immersed in the solution which mixed piece of phosphorus-like aluminum-metals foil to 
the coupling agent instead of the metal particles for coat formation as art for reducing the 
yield of such a grain boundary, and the method of forming the ingredient used as a coat in 
the magnet surface is indicated by J P, 10-226890, A. However, in order to pass through the 
process which heightens the adhesion power of a film component and is further called 
removal of a coupling agent by putting the magnet to which the film component adhered by 
this method into a barrel tank after a drying process, and giving a shock to the magnet 

http://www4.ipdl. inpit.go jp/cgi-bin/tran_^ 5/30/2008 



JP,2004-091902,A [DETAILED DESCRIPTION] Page 3 of 7 

surface with a stainless steel bead, A process becomes it is long and complicated and it is 
easy to generate dispersion in thickness, and especially, the thickness difference between 
a magnet corner and a flat-surface part is large, and there is a problem in which it is difficult 
to improve corrosion resistance uniformly at each magnetic place. 
[0005] 

[Problem(s) to be Solved by the Invention] 

Therefore, in view of said fault inherent in the Prior art mentioned above, this invention was 
proposed so that it may solve this, and it is ****. The purpose is to provide the method of 
forming the corrosion resistance film for rare earth permanent magnets which has adhesion 
sufficient required by low cost by a process. 

[0006] 

[Means for Solving the Problem] 

If a diameter of shot grains is made small in sandblasting or shot peening and it goes, jet 
velocity will increase, and this invention. Generation of heat arises in an injection surface of 
a workpiece slack permanent magnet, and it uses that injection skin temperature rises with 
an increase in jet velocity, In this case, using metal or an oxide particle with a diameters 
[ 20-200micro ] which has hardness lower than magnet hardness on the surface of a 
permanent magnet as a coat formation material, that shot is injected with jet velocity of not 
less than 50 m/sec, and temperature near the surface of a rare earth permanent magnet is 
raised more than a transformation point. Although a material-list side receives damage 
mechanically by the repetition collision of a particle etc. and a phenomenon from which the 
part is desorbed is called erosion, If a shot which consists of spherical materials, such as 
minute simple substance metal or an alloy, is made to collide with an even portion of a 
relative very big permanent magnet with a spray processing machine of an air flow type 
using exhaust air or inactive gas, particles which collided will rebound on the magnet 
surface, but as for after a collision, speed becomes slow. A difference of kinetic energy of 
particles before and behind a collision serves as thermal energy, and thereby, particles are 
heated by elevated temperature and fuse it. And it checked that this fused particle formed 
film-like sedimentary layers on the surface of a permanent magnet. This is because stage 
film formation, i.e., shot coating, is produced after that by spray conditions, although a 
particle collision causes erosion in part in early stages. A uniform coat can be made to form 
in each field of a rare earth permanent magnet which is a collision object on the surface of 
[ whole ] a rare earth permanent magnet by injecting particles uniformly. 
[0007] 

That is, are a film formation method of a rare earth permanent magnet, particles of a minute 
diameter are made to collide on the surface of a rare earth permanent magnet at high 
speed, the particle itself dissolves by energy at the time of a collision of said rare earth 
permanent magnet and particles, and this invention adheres to the surface of said rare 
earth permanent magnet, and forms a coat. The diameter of this particle can form a coat 
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good for not doing damage to a chip, a crack, etc. to the rare earth permanent magnet itself 
as it is a range from 0.02 mm to 0.6 mm. As for this particle, it is desirable on industry to 
spray using a mixture of air, high pressure inert gas, or air and high pressure inert gas. 
When spraying particles at this time, speed is the range of 50-2000 m/s. Make the 1st 
particle that has a predetermined presentation collide on the surface of a rare earth 
permanent magnet, and defecation and a ground film on the surface of a rare earth 
permanent magnet are formed in the rare earth permanent magnet surface, The 2nd 
particle that has a different presentation from the 1st particle of an account of back to front 
can be made to be able to collide on the surface of a rare earth permanent magnet, and a 
multilayer film in which two or more kinds of presentations were laminated can be formed. If 
it is multilayer structure, even if thickness of this ground film is 10 micrometers or less, it 
can secure sufficient corrosion resistance. 
[0008] 

As for an effect, although a rare earth permanent magnet of this invention mainly points out 
a R-T(- M)-B (- C) system, a Sm-Co system, a R-T(- M)-N (- B) system, etc., even if other, it 
is natural that the same thing as this invention is obtained. One sort in a rare earth element 
in which R contains Y or two sorts or more, and T point out a transition metal here, and M 
points out one or more sorts of Ti, V, Cr, W, Mn, Ga, aluminum, Sn, Ta, Nb, and Si. 
[0009] 

[Embodiment of the Invention] 
(Example 1) 

Details when this invention carries out are given below. The air of original pressure 0.2 - 
1.0MPa was made to blow off from the tip of a nozzle at high speed using the shot-blasting 
machine of a fixed cancer method first. Then, each simple substance metal particles of with 
a particle diameter [ 10-600micro ] aluminum 2 0 3 , Zr, nickel, Cu, Sn, Zn, and Cr were 

individually put on this airstream, and the permanent magnet which is a processed material 
in a second in 100-200 m /was sprayed. Of course, the kinetic energy of particles increases 
and formation of a coat becomes easy, so that the speed of the particles sprayed is a high 
speed. However, if the speed of particles is too quick, the temperature on the surface of a 
magnet may become an elevated temperature too much at the time of the collision of 
particles, and the organization on the surface of a magnet may be deteriorated. Therefore, 
as for the speed of the optimal particles, it is desirable that it is in the range of 50 m/second 
- 2000 m/second. In the range of this particle velocity, since the rise in heat on the surface 
of a magnet is suppressed in the range of 500-900 **, the magnet surface becomes an 
elevated temperature in the depth of the range of 1-10 micrometers, but in order that a rise 
in heat may not progress in a depths part from it, there are nothings so that magnetic 
magnetic properties may be reduced. The permanent magnet used here used the NdFeB 
system as the base, and in order to secure it magnetic properties, the sample by having 
added a little alloying elements (Co, Dy, Tb, aluminum, Nb, Cu, Cr, Eu) if needed was used. 
As magnetic shape, a 15x45x3-mm block magnet, the light-gage form ring magnet of 2 mm 
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of outer diameter 30x inside diameter 10x thickness, a 30x50x1 0-mm large-scale block 
magnet, 35x40x8 mm, inner R150mm, and outside used the R158mm arc segment 
magnet. 
[0010] 

Making it, as for a spray angle, injection flow be equivalent to the field of a sample 
vertically, the distance from a nozzle tip to a specimen surface was 100-200 mm. The 
diameter of the nozzle used for the shot is obtained 2 mm, and there is, and construction 
material used super-steel materials. The time which the shot took was 20 seconds per each 
field. Under this condition, the thickness of the coat formed on the magnet is shown in the 
next table 1. 
[0011] 
[Table 1] 





AI203 


Zr 


Ni 


Cu 


Sn 


Zn 


Cr 


Mm 


1 


3 


8 

1 1 ■ i ii 


13 


22 


27 


10 



[0012] 

As the result of Table 1 showed, by Cu, Sn, Zn, and Cr, the film of sufficient thickness was 
formed in the magnet surface practical, but by other elements, thickness was formed thinly. 
There was no influence by the difference in the shape of three kinds of magnets which 
carried out this time distribution of the thickness of the coat formed in the magnet surface. 
According to the tensile test, the adhesion strength with the ground magnet of the formed 

coat was in the range of 100 - 250 kg/cm , and was sufficient range practical as adhesion 
strength of a coat. 
[0013] 
(Example 2) 

After applying shot blasting for the surface of each magnet beforehand in aluminum 2 0 3 and 

making a surface state uniform, metal other than aluminum 2 0 3 was injected and formation 

of the coat was checked. This is because it checked that a coat is formed only in slight 
thickness, but the magnet surface was ground by the blast effect and a uniform surface 
state was rather acquired by it compared with aluminurr^O^s spraying before, when 

aluminum 2 0 3 particles are sprayed on a magnet. Since such a phenomenon is seen with 

Zr, Cr, and nickel besides aluminum 2 0 3 , it can acquire the effect of surface cleaning by 

spraying such construction material on the permanent magnet surface beforehand. Since a 
very thin film is formed in the magnet surface with such construction material, it is also 
possible to form the multilayer film by different-species construction material. In the case of 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A°/o2F%2Fwww... 5/30/2008 



JP,2004-091902,A [DETAILED DESCRIPTION] 



Page 6 of 7 



this example, each magnet is 20 seconds and the injection time of aluminum O is 20 

seconds also the injection time of other metal, respectively. As a result, the thickness 
according to construction material of the obtained coat is shown in Table 2. 
[0014] 
[Table 2] 





Z r 


N i 


C u 


Z n 


C r 


mm 


5 


11 


14 


24 


9 



[0015] 

The big difference was not looked at by the thickness of the metal membrane attached after 
that even if it irradiated the magnet surface with aluminum 2 0 3 particles beforehand, as the 

result of Table 2 showed. However, by the prior exposure of aluminum 2 0 3 , the affix on the 

surface of a magnet could be taken, and since a concavo-convex change also became 
small, dispersion in the thickness at the time of attaching a metal membrane fell with 8 
micrometers -> 3 micrometers as compared with the case where it does not irradiate with 
aluminum 2 0 3 . The thickness distribution of the formed coat did not have the difference by 

magnetic shape like the case of Example 1 . It checked that the adhesion strength of a coat 

was in the range of 100 - 200 kg/cm 2 , and had improved compared with the case of 
Example 1 . 
[0016] 
(Example 3) 

The air of original pressure 0.2 - 1 .OMPa was made to blow off from the tip of a nozzle at 
high speed using the shot-blasting machine of a fixed cancer method. The Ni alloy with a 
particle diameter of 10-600 micrometers was used as the first particle. These metal 
particles were sprayed on the permanent magnet which is a processed material in 100 - 
200 m/s with said shot brass machine, and the Ni film of 8 micrometers of film pressure was 
obtained. Then, the Cu alloy with a particle diameter of 10-600 micrometers was used as 
the second particle. The film pressure of 12 micrometers of film pressure was formed by 
spraying on the surface of a rare earth permanent magnet like the first particle. The 
multilayer film which consists of nickel-Cu on the surface of a rare earth permanent magnet 
by this was formed. 
[0017] 

[Effect of the Invention] 

It is only using equipment of a simple structure with a low price like a shot-blasting machine 
as the contents of the above-mentioned explanation show this invention, A coat can be 
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made to form in the magnet surface, and since a film formation process can be made to 
complete for a short time, a protective film can be made to form in the magnet surface by 
low cost very as compared with the conventional film formation method. 



[Translation done.] 
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vyfflO»£i:f 311*84^16, It* 1 ! < a 0 , « « fc tf 6 o * *^ ft ft L Jf» 20 

^ c i: 181 Li/-> a ^ 5 o 

[ 0 0 0 5 ] 

l&MttmikL J: -5 tf 5 11] 

.fc o t * ft bjs « , aq \j& l ft * © & « *c p«g ft l t s m gB m . cn^isi-s^ 

<ffi*^nftt©-Z?fcoT, ffi m ft X g ic «t tjfgnx hT^It»6f ftt5:ft-t5f ± 
[ 0 0 0 6 ] 

[^S^rft?ft-r^fti6©^IS] 

* ft BJ3 j± > tJ-y K77X h4vaa->3 7 h tf-->^f tfcH>t->3 7 hgi^/hs < 30 

L T Vx < £ > RS ftf ifi IS A "T ^5 i: ft tc » fin X t% ft 5 iSc 4\ ® 5 © m *t ffii fc ft #& *^ ft IS . 

mMmMmL&tfmttmm<DMtoicw^T±&?z££*mmLrc&cDT*£ > r>, c © ^ tc * 

4\fi£H©Sffi{c8a5?SS<fc'3fgl^J®Jt ; & ; fi't"&ii:#-2 0~2 0 0 ^©^Jg^ftti^ffc^SE 
? * & IJM fig » H t L T i+J W © >- 3 y h * m *f » fS 5 0 m / s e c JM ± T' m M L , « 
±ffl«5©affi#ie©Stt*a£J8j«JK±lc±J*S-*Scli:*W*4:-r*. H *i ? ft if © 

-•; 3 >HiftiTt^A', fit /Jn ft m # n , $ f c u ^ & ft if © ^ y>n ^ *^ e. ft & -> 3 y 

h*i7^^H-tt^^*fflv>ft«M^©"»##WfiPX»tJ:0ffl»«K^«{c^:#ft*^ 
63 5 © ¥ 6 ft 3P » fc « •£ it 2> £ . m ^ L ft n =¥■ It t& 6 X ffii T* Sfe 5S S ® ?g ft i± ffl 
A'KftS. «^lifit£©&?©jlf&.i*;l/;P — ©Mli^Jt^^U^ — i:ft»3, etife i Ofi 40 

^tfKiaicfinaasnigm-rs. * LTcojsiBLfttt^jViac^asoaMtfflittoitifliM 

iJgJfi-rscfcSSSigLfto c ti It , E3 ^ & ? ® 3§ At x. p — 3 > ^ ?yj »j {c It — SB -Jl # & 
C -T *» © © . 15? ^ ft If $k ft tc J: t> , ^ © ^ ic fig Hi X fi , -rftt>^v-3-yhn — f^>^^ 
t^UtiS, ^«f?§%iTfe^^±ll>jcXfi8E5© : &aiti^^{cgE : ?^«l>f-r^c: 

[ 0 0 0 7 ] 

o $ t) * ft HJi t± * «±S«5©&IRJgjS2rftT?;6-3T, «/hi«g©tt : ?*iSiSTl&±3K« 
5©«ffi{c«^^-^. HulE^±WSSSfcife?©Sfg|^©ai^wU^-{cj: 0 & 7- g # # H$ ffp 

i^OililiO. 0 2mm*>f,0. 6 m m $ T» © SB ffl T* 5 t ft ± S| S3 S ft ft £ ^ tt ^> #J 50 
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n & a o m m * ■** x ? c & » * & h * © « »J m * s » cos -7- u « * *t u g& ce ^ fa i* 

# X * fc 2» a fc ^ JEE ^ fS tt # X (D M W * ill ^T**N»5(lfctf X. *±9SL^. C 
0l*S0tt?*iK*tttt*fc*0&rt[tt5 0 — 2 0 0 0 m/ s OJEit'SSo S 6 t± * )Tr 

5Cfctf7S5o £ H « ffi T « ft tf C <D *K Jtt IK © JS S tt 1 0 /i mtt'FTS^Tt + i> * W 

ftk tt * » « t # * o 

[ 0 0 0 8 ] 

*«SWJO#&±a«fikH:R-T (-M) — R (-C) 3S . Sm-C o*, R-T (-M) 10 

- n c - b ) ^w*±K»t"^*ftw^ofe©^fe^Tfea*tt*«TOtraaoto^» 
6ft«<otta^-e**o c ltr ttiY*-&t?«±a7t:*o-5 ?o i asftn 2 a w ± . 

T H S » * JB , M tt T i . V. Cr. W . M n . G a . A U Sn, T a . Nb, S \ <D 

1 «tt±*»-TfeOT«*o 
[ 0 0 0 9 ] 
[^BiJO^jSg^fg^] 

cm mm 1 ) 

yx;i/^jt«*6SE o. 2~i. oMPaoaatiiiat^asefto 

8 7-8 1 0 - 6 0 0 /i<D, A1 2 0 3 , Zr, Ni, Cu, Sn. Zn, C rOglft^ 20 

/B tt ? £ ffl 8U tc c <D *H Hi Wl tc <D it T + 1 0 0 — 2 0 o m/»^ttffia*T&**;\>«£ifc: 

# f* t j fc o t> -s a a, , iRiWij-sftstt^oaflEttiKa^afesisH; tt^oaftx*^ 

& 3 0 t£ o T . BiBfctfc^OSfttt. 5 0m/»- 2 0 0 Om/^ORitSSCttfa 
SLl/^o C ^firSg^iBiTti, 85affiOiB*±#tt5 0 0 - 9 0 OtOKHKWA 
?> ft £ . ISIIii I - l 0 /imO»E10SST'iliSl:43tf, * ft <fc t> ?1 A T* it 

^K6^NdFeB^5^-Xi:L, * ft *c S£ ^ «p ft * 58 ft *T § fc ft &c flft B © j£ ft tc HE ( 
Co, D y , T b , A 1 , N b , C u , C r , E u ) *&BfcjEi;TAn*;fcCfcfc:«fcStt 30 
3ft * JtJ t^fco «6^)JB«i: LT, 1 5 x 4 5 x 3mm07a7^ffife\ »S3 0 xfiil 
0 xf 2 mm^SSigU V^ffi6\ 3 0 x 5 0 xl0mmO*S^o-y^ttt5. 35x4 
0 x 8 m m . ft R 1 5 0mm. ^ R 1 5 8mm<07-^'fey^>'H85*ffl^fto 
[0010] 

fi^ # ft » ft ft t± . SE^OffitciSS*8!E^ffliS^fefc^<fe'5^b. yX;l/ftfllB^6tt»affiS 

T? (O m ffl. 14 1 0 0 — 2 0 0 m m T* o fc 0 > 3 * h tffiffi Lft / 2 mm^S 

[001 1 ] 

[SI] 40 





AI203 


Zr 


Ni 


Cu 


Sn 


Zn 


Cr 


181? 


1 


3 


8 


13 


22 


27 


10 



[00 1 2 J 

$ 1 ©ii^Stit, KEIltCtiC u, S n . Z n , C r f i± Iffl «(C t I ? « 

© » ft a: , ^ ihi ^ js l fc 3 m m <o m h © « © » j: ^ ^ s? « s ^ „ m&stitt so 



(S) 
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£ M <D K W m H £ cr> £ \tt It , <j I -Jg M Sft fc J; a £ 1 0 0~250kg/t: in z (O diE lifl 
* *> , SlOSf LTti rjg J t J (ft fc I- 5> 4 HE lifl T$oft„ 

[0013] 

( 36 ffi ffl 2 ) 

& S3 ft" © : & M % A 1 2 O 3 icTfififr Ui6->3 7 h75X h^AUt, ig M #c 88 3: — tl fc L 
& , A 1 2 O 3 W ^ © & JB * »fi At L, j£ m <D B fi£ £ f* m L „ ctili. A 1 2 0 3 8f5 
M B ic % ^ ft- W- fc Jg 6 > filffittto-r^oWt^KL^JBiastii", & h #j ili (c <fc 

t*6£$&T?%rcrclbT&2> 0 £ <D & 5 teffigtlt, A I 2 0 3 OlifrlC, Zr, Cr, Ni 

t * e> ft a 46 , c ft e eo & n * 3b e> c * * ^\ m '-a \-& m ic % ft if a c £ {c <t 0 . z & 

isjnscifre, sitiSK «t s &mmtDBf8.*rr o c i: feojfjgr-fe s . * 31 s&i #>j © *§ 
-a-, a 1 2 o 3 © w 1^ tig « , ^iett 2 o#t$o, ^-^ffio^acDnflWB^Pfgt^ft 
^ ft 2 o&t'feSo c <d ts $ . » & ft & 1% <o w m. m m m * m 2 iz -t . 
[00 1 4 ] 

CIS 2 ] 





Z r 


N i 


C u 


Z n 


C r 


mm 


5 


11 


14 


24 


9 



[00 1 5 ] 

a 2 s tt ^ -r tg , a 1 2 o 3 m. 1- * $> p> u, ib m ~j& m m m m at l t & , ttotkic-D 
tt«^iioif ca^tsf aisnsfroft. l^l. a 1 2 o 3 © y m i& anc <t t> 

A 1 2 0 3 *S8ftfLfc^J§£-fc:ifc«L, 8 /t m 3 /t m i: 1ST L ft. Jfc £ 

ft & at <d m m ft m it . mmm 1 os&t^at, is'^ittiast S!±4*>ofc 0 & 

00~200kg/cm 2 «^H(c$>t»x H;K6 0>J1 t^P.^efeS 

[00 1 6 ] 

(«II3) 

iSA'VS^Ov'a 7 l-i^ffl^, ,/X;KDJfciSB;fr67CflE0. 2-1. OMPa 

00 & n. * ifS IS ttS t£ o |-©g?tlTl?-gl 0~6 00 /im(7)N i ^ # ^ JH l/> 
fco C^D^SteT'-^HUffiv'a -y h^-^XflllCj:*) 1 0 0 — 2 0 0m/s -pSaiiaTSS 
* ^ SS 5 fc ift ir ft If , IE8 /imON i flg £ f-3 fc „ ^ <D ^ , SlOt? t LTft?l 1 0 
~6 0 0 /imOC u-a-^^rfflv^fco m — © ft ? £ |3J «(c « ± m tit H O S W lc "5? # ft if % C 
£ V m E. 1 2 (imOlE^iiLft, C tit i 0 f ±ai5<DlIt; N i - C u^?>/S:S 
^ JB IK ^ file L fc c 

[00 1 7 ] 

[ 5§ © 3fr S ] 



